Seven miniature dachshunds, all under the age of 1 year, were presented with polypnea, tachypnea, and exercise intolerance as a result of Pneumocystis carinii pneumonia, which was diagnosed on transtracheal aspirate cytology. In all of the dogs, historical and clinical signs were suggestive of immune incompetence. Immunological studies undertaken were leukogram parameters, serum immunoglobulin fraction quantification, lymphocyte transformation assay. CD3 and CD79a lymphocyte markers on lymphoid tissue, and anti-canine immunoglobulin G immunoperoxidase staining. The immunological studies showed hypogammaglobulinemia, deficiency of serum immunoglobulins A, G, and M, decreased lymphocyte transformation response to phytohemagglutinin and pokeweed mitogens and absence of B lymphocytes with presence of T lymphocytes in the lymphoid tissue stained with CD3 and CD79a lymphocyte markers. The preceding findings suggest that P. carinii pneumonia occurring in the miniature dachshund is a result of both a T-and B-cell deficiency. This presentation is not the classic primary severe combined immunodeficiency syndrome but rather combined variable immunodeficiency, which has been well documented in humans but never in the dog.
Common variable immunodeficiency (CVID), also known as acquired or adult onset hypogammaglobulinemia, is a primary immunodeficiency disease in which B lymphocytes produce little or no antibody, together with normal or decreased numbers of B lymphocytes. 14 The disease is characterized by a reduction or complete absence of immunoglobulins. 24 CVID has not been reported in the dog.
Pneumocystis carinii is an ubiquitous extracellular parasite of both animals and humans. 1, 8 It is a saprophyte of low virulence, being classified as a protozoan 8 but more recently as being related to the fungi. 4 In normal animals, the parasite can be present in low numbers in the pulmonary alveoli and is associated with pneumonia and respiratory distress only when the immune system is compromized. 8, 21 This parasite is a serious opportunistic pathogen in people affected with AIDS. 20 Pneumocystosis affects a number of species, and in the dog, it is most commonly described in the miniature dachshund. 10 The speculation is that pneumocystosis in the miniature dachshund is a result of an immunodeficiency, 5 more specifically due to both a Band T-cell deficiency. 12, 13 In the miniature dachshund, the typical signalment is a young animal, usually under 1 year of age, that is presented with a history of weight loss, respiratory difficulty, and exercise intolerance. On clinical examination, weight loss, tachypnea, various degrees of dyspnea, and increased lung sounds are evident. 10, 13 In this study, P. carinii pneumonia was diagnosed in all dogs by transtracheal aspirate cytology and was confirmed at postmortem in the dogs that died.
This study investigated the leukogram parameters, immunoglobulin fraction quantification, lymphocyte transformation assay, CD3 and CD79a lymphocyte markers on lymphoid tissue, and anti-canine immunoglobulin G immune peroxidase staining in 7 miniature dachshunds with P. carinii infection.
Materials and methods
Case material. Seven female miniature dachshunds were presented at the Onderstepoort Veterinary Academic Hospital for clinical signs relating to weight loss, respiratory difficulty, exercise intolerance, or dermatopathies. All dogs were between 9 and 12 mo old. The dogs were suspected of having P. carinii on clinical and radiological examinations. The diagnosis was confirmed in all cases by transtracheal aspirate cytology.
Leukocyte counts. The total white count was done in all 7 cases with an automated analyzer. a The 2 methods used by the analyzer for counting were white cell optical count (laser light scatter) and white cell impendence. The differential white cell count was manually done on a 100-cell count.
Immunoglobulin fraction quantification. Serum immunoglobulins (IgA, IgM, and IgG) were determined in all 7 affected dogs, 5 age-and breed-matched control dogs, and 4 age-matched control dogs. In 1 dog, immunoglobulin fraction quantification was performed prior to the development of P. carinii pneumonia, and in another dog, quantification was repeated 4 mo after the initial determination.
Serum samples were used in a single radial immunodiffusion (SRID) kit b for the quantitative determination of the various immunoglobulin fractions. The principle of the SRID test is that antiserum specific for the immunoglobulin to be measured is incorporated into agarose gel. Sample antigen then diffuses into the gel containing the antibody, and a ring of precipitation forms that is proportional in size to the concentration of the antigen. A linear relationship exists between the diameter of the ring and the concentration of the antigen when plotted on semilog graph paper. The method is time and temperature dependent.
The procedure for the determination of the immunoglobulins was as follows. Reference standards of each immunoglobulin were determined by pipetting 3 l of each into the first wells of the kit. Three microliters of serum sample were then pipetted into the remaining wells. The cover was replaced on the plate and left undisturbed, right side up, at room temperature for 18-24 hr, after which, the diameters of the rings were read directly off the plate and a standard curve was established. The diameters of the reference standards versus the concentrations of the reference standards were plotted on graph paper, from which a standard curve was drawn.
Lymphocyte transformation assay. Lymphocyte transformation assays were performed as previously described. 18 Briefly, 20 ml of blood was collected from the jugular vein of 2 dogs by venipuncture and placed in tubes containing 1 ml of 50 U/ml preservative-free heparin. The heparinized blood was centrifuged for 10 min at 750 ϫ g. The buffy coat was removed and placed in a clean, sterile 15-ml tube. Phosphate-buffered saline (PBS), free of magnesium and calcium, 10% fetal calf serum, and gentamycin (0.1 ml/100 ml medium) were then added to the cell suspension to give a final volume of 10 ml. The cell suspension was then layered slowly onto 5 ml of Histopaque c and centrifuged for 40 min at 900 ϫ g. The speed of the centrifuge was increased and decreased very slowly to prevent the disruption of the lymphocyte layer. The lymphocyte layer was removed by gentle pipetting and placed in clean sterile polypropylene tubes. The lymphocytes were washed 3 times in calcium-and magnesium-free PBS and then suspended in a final concentration of 1 ϫ 10 6 cells/ml in RPM1 d medium.
Samples of 100 l cell suspension were pipetted into round-bottom, 96-well, 300-l tissue-culture microtiter plates. c Phytohemagglutinin (PHA) f or pokeweed mitogen (PWM) f was diluted 1:100 in RPM1 medium according to the manufacturer's instructions. A total volume of 50 l PHA or PWM was added to the cells. Control (unstimulated) cells received 50 l of RPM1 medium. All tests were performed in triplicate. Plates were covered with loosely fitting lids and incubated for 48 hr at 37 C in humidified air containing 5% CO 2 . Thereafter, 50 l tritiated thymidine ( 3 H-TdR) (0.5 Ci/ml) g in RPM1 medium was added to each well. The plates were covered and incubated for a further 18 hr.
The cultures were harvested by means of a multiple semiautomatic cell harvester. h Lymphocytes were collected on glass-fiber filter paper and allowed to air dry. Once dry, the filter papers were placed in scintillation vials i containing 4 ml of toluene-based cocktail. j The incorporation of tritiated deoxynucleoside triphosphates ( 3 H-TdR) into the lymphocytes was determined with a liquid scintillation spectrometer. k Results were expressed as mean count per minute.
CD3 and CD79a lymphocyte markers. Wax blocks that were prepared from formalin-fixed, paraffin wax-embedded lymph node and spleen specimens of the 2 dogs that died were used. One age-and breed-matched lymph node was used as a control. The tissues were fixed in 10% buffered formalin and, after routine dehydration in increasing concentrations of alcohol, were paraffin wax embedded.
Thin sections (3 m) were cut from the wax blocks and mounted on adhesive-coated glass slides. The slides were dried overnight in an oven at 58 C to enhance adhesion. Routine dewaxing was then carried out (15 min in xylene, followed by 3 min each in 100%, 96%, and 70% alcohol). Endogenous peroxidases were blocked with 1% hydrogen peroxide (in methanol) for 15 min at room temperature. The sections were then rinsed in tap water for 5 min. The antigenic sites were then unmasked by using the proteolytic enzyme trypsin at 37 C, after which the sections were rinsed in tap water for 5 min. Slides were allowed to cool to room temperature in buffer prior to staining. After blocking the slides with normal serum at a dilution of 1:20 for 10 min at room temperature, excess serum was wiped off and the primary antibody was applied. The sections were then incubated at room temperature with primary antibodies for 60 min. Antibodies against lymphocyte markers CD3 l (at 1:100 dilution) and CD79a m (at 1:25 dilution), which are specific markers for T and B lymphocytes, respectively, were used.
After the slides were vigorously washed for 5 min at room temperature with a solid stream of PBS from a wash bottle, the secondary biotinylated anti-goat antiserum (diluted 1: 250) at room temperature was applied for 30 min. After another jet washing in PBS, peroxidase-conjugated avidin (diluted 1:500) n was applied and incubated at room temperature on the sections for 30 minutes. The sections were washed in PBS and then exposed to diaminobenzidine (DAB) c for 5-8 min at room temperature. The sections were again rinsed in deionized water and counterstained with hematoxylin. The sections were then washed in water for 1 min. After rinsing in water for 5 min, the sections were dehydrated by increasing alcohol concentrations (70%, 96%, 100%) and xylol and coverslip mounted. o Anti-canine immunoglobulin G immunoperoxidase staining. Wax blocks that were prepared from formalin-fixed, paraffin wax-embedded lung specimens of the 2 dogs that died were used. Tissue fixation, wax impregnation, sectioning, and dewaxing was done as described above. After dewaxing, the tissue was blocked for 30 min with 3% hydrogen peroxide in methanol and rinsed with PBS. Pronase (50 mg/ 100 ml of PBS) was then applied and tissue heated to 37 C in an oven for 15 min. The tissue was rinsed with PBS, normal serum was applied for 20 min followed by IgG complexes for 30 min, then the tissue was washed with PBS, after which the substrate (30 mg DAB/100 ml PBS) was applied for 8 min. After rinsing in tap water, the sections were counterstained with hematoxylin before being mounted.
The IgG was goat antiserum to dog IgG. p The antiserum was prepared by hyperimmunizing goats with highly purified 
Results
Case material. Of the 7 dogs, 4 were successfully treated with potentiated sulphonamides, 1 was euthanized, and 2 died. Although all these dogs were female, no sex predilection has been described in the literature. Complete necroscopies were performed on the 2 dogs that died. The pathological findings in these 2 dogs were typical. The lungs appeared firm, consolidated, and pale brown to grey. The lungs did not collapse when the thoracic cavity was opened. On histopathology, alveolar spaces were filled with amorphous, foamy, eosinophilic material that had a honeycombed pattern and contained numerous P. carinii organisms. 1, 5, 8 In addition to these findings, there was also generalized atrophy of all lymphoid tissue.
Leukocyte counts. The total leukocyte count was elevated in all dogs, with a regenerative left shift evident in 6 dogs and monocytosis in 5 dogs. Lymphocyte numbers were elevated in 2 dogs, depressed in 2 dogs, and normal in 3 dogs (Table 1) Immunoglobulin fraction quantification. Serum immunoglobulin fraction quantification in all dogs showed deficiencies of IgG, M, and A ( Table 2 ). This finding correlated with the hypogammaglobulinemia that was present in most dogs on serum protein assay and electrophoresis. Both age-and breed-matched and age-matched controls were tested to exclude the possibility of all miniature dachshunds having a congenital immune deficiency. Both the dog that was tested prior to developing P. carinii and the 1 tested 4 months after treatment showed low serum immunoglobulins ( Table 2 ). Statistical analysis (by both the Student's t. and Kruskal-Wallis tests) of the serum immunoglobulin fraction quantification results were, however, not statistically significant. This could be attributed to the low numbers of cases tested.
Lymphocyte transformation assay. The lymphocyte transformation studies done in 2 dogs showed severe immune suppression in the presence of a normal circulating lymphocyte count. Responses to both PHA and PWMs were severely suppressed when compared with the controls (Table 3 ). Statistical analysis was not possible because only 2 dogs were available. CD3 and CD79a lymphocyte markers. Positive CD3 and CD79a staining occurred perinuclear and at the plasmalemmal membrane of the lymphocytes. T cells stained positively with the CD3 marker and negative with the CD79a marker, whereas B cells stained positive with CD79a and negative with CD3. The CD3 and CD79a lymphocyte staining showed absence of B cells in the lymphoid tissue with the normal presence of T cells (Figs. 1, 2) .
Anti-canine IgG immunoperoxidase. With anti-canine IgG immunoperoxidase staining, most of the organisms stained negatively; however, a significant number of organisms free within the air spaces (5%) and within the cytoplasm of alveolar macrophages (90%) appeared to have stained positively. Staining occurred predominantly at the surface of the organism and, to a lesser extent, on an intracytoplasmic structure.
Discussion
CVID, also known as acquired or adult onset hypogammaglobulinemia, is a primary immunodeficiency disease in which B lymphocytes produce little or no antibody, together with normal or decreased numbers of B lymphocytes. 14 In humans, CVID occurs most commonly in late childhood or early adulthood. 2 A similar finding was present in the dogs in this study. In humans, there frequently is a delay in the diagnosis of CVID, which results in established diseases (such as chronic sinusitis, otitis, bronchitis, pneumonia, and enteritis) by the time of diagnosis and institution of therapy. 23 As in humans, these dogs at presentation had been ill for a long period of time with lung and skin disease. In humans, 25% of patients with CVID have splenomegaly, enlarged tonsils, and lymphadenopathy. 2 None of these features was evident in the dogs in this study.
Because a reduction or complete absence of immunoglobulins characterizes CVID, patients are highly susceptible to infections caused by ubiquitous microorganisms that are usually nonpathogenic in immunologically intact people. 24 In dogs with P. carinii, the absence of immunoglobulins in the presence of the pathological changes is a significant finding because cases are presented with chronic ongoing infections, which should have resulted in an immunoglobulin re-sponse. Pneumocystis carinii infection has been documented in a B-cell knockout mouse model that lacks humoral immunity as well as in humans affected with CVID and hypogammaglobulinemia. 11 Although defects in cellular or humoral immunity are known to predispose individuals to P. carinii infection, cellularmediated immune responses are considered the primary defense against P. carinii pneumonia. 11 On the basis of the leukocyte parameters in this study, the inflammatory response in these dogs appeared to be adequate. Within the lung, the alveolar macrophage is thought to play an important role in host cell mediated immune responses. 11 Various mechanisms appear to be involved in P. carinii adherence to alveolar macrophages and lung epithelial cells. Mannose receptors play some role in this adherence because cells expressing a cloned macrophage-mannose receptor are able to bind and internalize P. carinii. 1 However, the act of binding P. carinii to alveolar macrophages does not result in either phagocytosis or macrophage activation. Complement is not essential for this activity but does enhance antibody-mediated phagocytosis. 17 Serum complement activity measured in these dogs was normal. In view of this, the anti-canine IgG immunoperoxidase staining can be interpreted as follows: 1) that the amount of available IgG is insufficient to coat all the organisms, which is consistent with the hypothesis of immunodeficiency; 2) that the staining merely reflects the presence of IgG as part of the exudate associated with an inflammatory reaction and as such is nonspecific; or 3) that either the viable or dead organisms (which cannot be determined) had attached IgG at the time of fixation. The predominance of positively stained organisms within the cytoplasm of alveolar macrophages probably signifies opsonization as a prelude to phagocytosis.
In this study, the lymphocyte transformation assay with PHA and PWM showed severe cell-mediated immunosuppression, especially when compared with controls, even though a normal to elevated lymphocyte count was present in 5 dogs. In the other 2 dogs, the lymphocyte count was moderately depressed. Despite normal numbers of circulating B lymphocytes and the presence of lymphoid cortical follicles, blood lymphocytes from CVID human patients do not differentiate normally into immunoglobulin-producing cells when stimulated with PWM. 2 Circulating lymphocyte subsets were not quantified in this study. On routine light microscopy of the lymph nodes in 2 of the dogs in this study, no follicular development was evident in the cortex. With the CD3 and CD79a lymphocyte staining, B-cell absence was confirmed, with T cells being present. In CVID, T-cell subsets are usually present in normal percentages, although T-cell function may be depressed. 2, 14 The latter was evident in this study with the lymphocyte transformation assay. Possibly the decreased proliferation response was caused by the infection rather than causing the infection; however, this appears unlikely in light of the CD3 and CD79a lymphocyte markers.
In most patients with CVID, the defect appears to be intrinsic to the B cell, resulting in abnormal terminal differentiation. 2 Analysis of B cells for the expression of immunoglobulin genes after PWM stimulation has shown the defect to occur at several different differentiation stages, making it a highly variable defect. 2 In humans with CVID, there is a high incidence of lymphoreticular and gastrointestinal cancers, sarcoidlike granulomas, and nonmalignant lymphoid hyperplasia complications. 19 Although none of the dogs in this study showed any of these complications, all the dogs were under 1 year of age, and these complications may develop in the surviving dogs as they age. In humans, cases have been documented that CVID is reversible, although the etiology is currently unknown. 16, 19 In the dogs that were followed in this study, reversal of the hypogammaglobulinemia did not occur.
The other immunodeficiency diseases considered in these dogs were transient hypogammaglobulinemia (TH) and combined immunodeficiency disease (CID). TH is a self-limiting immunoglobulin deficiency resulting from an abnormally prolonged delay in the onset of immunoglobulin syntheses by the neonate and young animal. 6, 7, 9 Affected animals are clinically normal while they possess maternal antibody and then develop chronic bacterial infections, primarily of the respiratory tract. 6, 7 Spontaneous recovery occurs between 5 and 7 months of age when the animal's own humoral immune system begins to produce sufficient immunoglobulins. 7 TH has been documented in humans. 2 a calf. 22 horses, and dogs. 9 CID is a severe immunodeficiency characterized by deficiencies of both B and T cells lymphoid hypoplasia, and thymic dysplasia. Clinical signs occur early in infancy, and affected individuals are susceptible to a wide spectrum of infectious agents. Animals show a failure to thrive and die before 4 months of age. 6, 7, 9 CID has been documented in humans, 2 horses, and dogs. 9 From the lymphocyte transformation studies, immunoglobulin fraction quantification, and hypogammaglobulinemia, apparently both T-and B-cell abnormalities occurred in these affected dogs. The lymphocyte markers confirmed the absence of B cells and the presence of normal numbers of T cells. These dogs thus fit the description of combined variable immunodeficiency, which, to the author's knowledge, has not been previously documented in the dog.
